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PERFORMANCE OF A D O U B L E "  SIDE llJLElT WITH COMBIl?ATIONS OF 

By Pau l  C. Simon 
r;' 
u w 

The  performance of a double-ramp  side W e t  was investigated with 
various  combinations  of  fuselage, ramp, and internal  throat boundary- 

4 layer removal  at  free-stream  Mach  numbers of 1.5 to 2.0. 

The  installation of W e t  side fairings produced a 4-percent in- 
IT crease Fn net  propulsive  thrust  when  the  inlet was matched to a hypo- 

thetical turbo jet  engine  at a &ch  number of 2.0. There was, however, 
a concomitant  large  reduction in &critical  stability. The side fair- 
ings  were  ineffective at Wch numbers of 1.5 and 1.8. 

When a slotted  throat  bleed and ramp perforations  were  applied  to 
the  inlet, an additional  4-percent  increase in net  propulsive  thrust was 
realized. No subcritical stabiuty was observed at a Mach number of 
2.0. 

lncreases  in  net  thrust of 4 percent at Mach numbers of 1.5 and 1.8 
were  realized  when  the  ramp boundmy layer was bled  through ramp and 
throat  perforations. In addition,  inlet  stability  range and diffuser- 
exit  total-pressure  distortions were improved. 

In each  case  investigated  it WBS necessary  to  divert  two-thirds  or 
more of the  fuselage  boundazy  layer to obtain maximum M e t  performance. 

IIVIRODUCTIOB 

. Substantial  improvements  in  side  inlet,  internal  performance are dem- 
onstrated,  for  example,  in  reference 1by raisfng  the  inlet  entirely  out 
of  the  fuselage  boundary  layer.  Further gains were  realized in refer- 

* ace 2 by  bleeding of f  the  external-compression-surface  boundary-layer 
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air  at  the  inlet-throat.  Reference 3 indicates  that  the  etable m68- 
flow range of an inlet  could  be  extended  if  external-compression-surface 
boundary-layer  separation was prevented  by  the  application  of  suction 
through  perforations  in  the  compression  surface. Y 

" 

The  interrelation  of  these  three  methods of boundary-layer  control tP 

UJ was studied in the IW2.A Lewis 8- by 6-foot  supersonic wind tunnel at 
Free-stream  Mach  numbers of 1.5 to 2.0. The  test  configuration  con- 
sisted of a two-dimensional. ramptype side  inlet  mounted on a slender 
body of revolution.  Experimental  results  were  recently  published In 
reference 4 for a 140 ramp inlet  using.a  flush-slot  throat  bleed  in  com- 
bination with a fuselage  boundary-layer  diverter  system.  The  present 
study evaluates the  optimum net-thrust-minus-configurstion-drag and 
other  inlet  characteristics for a double-ramp (14O and 80) inlet  with 
boundary-layer removal though flush slots or ramp perforations or both. 

3 

%e 
internal-bleed minimum exit area, sq in. 
internal-bleed  entrance &rea (perforation8 or throat  slots or 
both) 

*f mxlmum f ronta l  area of basic configuration at h/6 - I, 0.759 
sq ft 

A i  

At 
cD 

-et  capture area, 19.51 sq in. 

inlet  throat area, ll.85 sq in. 
configuration  drag  coefficient, D/soAf 

D configuration d r a g ,  lb 

D' adjusted  configuration  drag,  lb 

% adjusted  configuration  drag of basic M e t  (no internal-bleed 
sy8tem)  at"  h/6 = 1, lb 

F internal thrust  of  turboj-et-engine and inlet  combination,  Ib 

Fn, i ideal net  thrust  of  typical  turbojet  engine  (based on 100- 
percent  pressure  recovery) , lb 

h fuselage  borzndary-layer  diverter  height, in. 
M h c h  number 
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mz - main-duct mass-flow ratio, min-duct ~ S S  flow 
mo POyoAi 

P t o t a l  pressure,  lb/sq  ft 

P static  pressure,  lb/sq  ft 

90 
v velocity,  ft/sec 

free-stream  dynamic  pressure, p M2 , lb/sq ft 
'(00) 

U 
2 

diffuser-exit  weight flow per  unit  flow mea, referenced  to 
standard  sea-level  conditiona 

% 
P 
(d 

rl 
I 

AD' incremental  adjusted  configuration drag  , % - Dl, lb 

4 )  stable mass-flow range, [(%'e, Ttical -  minimum stable I 
* 

w p 2  total-pressure  distortion at difflzser exit, 
maxirinrm rake total pressure minus minimum  rake total pressure 

e area-weighted  average  total  pressure 

8 Fuselage  boundary-layer  thickness, appmx. 0.55 in. 

P mass density 

r ratio of specific  heats 

Subscripts : 

b basic  inlet  configuration: h/S = I, no inlet throat-bleed 
system 

0 free-stream  conditions 

2 diffuser  total-pressure  survey  station,  model  station 85.0 

3 diffuser  static-pressure s m e y  station,  model statfon 99.2 

A two-dimensional  remp-type  external-compression  inlet was mounted 
beneath a body of revolution  consisting of an ogive  nose and a 10-inch- 
diameter  cylindrical  afterbody  downstream of model s ta t ion  46.2. A 



segment of the  cylinder was removed  to  form a flat  approach  surface to 
the Met. This  body,  the  sa?ne as the  one-used i n  reference & is 
illustrated in figure  l(a). The double  ranrp  used  in  this  test had an 
initial  wedge  angle of 14O and a second  wedge  angle of 22O (angles 
measured from body  axis), as shown in figure l(b). These angles were 
selected  because  the 14O eingle-ramp  inlet of reference 2 gave a high 
pressure  recovery  because  of a stable  second  oblique  shock,  which was 
generated by boundary-layer  separation  ahead of the  terminal  shock  and 
produced an additional 8O flow  deflection at a Mach  number of  2.0. The 
present  double-ramp  compression  surface was designed  to  achieve  the 
advantages  of  the  same  two-oblique-shock system of reference 2 witEout 
the disadvantages of boundary-layer  separation.  The  positions of the 
ramps  were  chosen to place the  compression  shocks  slightly  ahead of the 
inlet cowl lip.  Configuration  nomenclature,  internal-bleed - minhnum- 
exit-area  ratlo  (hereinafter  called  bleed-area  ratio),  external  diverter 
height  ratios,  and  pertinent  figure nmbers of the  seven  configuratione 
investigated  are  presented in the  following  table,: 

Symbols 

S 

SF 

TF 

T 

T 
F,P 

pF 

P 

Configuration I Bleed- 

Solid-ramp  inlet  wlthout 

Solid-ramp  inlet  with  side 
side fairas 

fairings 
Throat-bleed  inlet  with 
side  fairings 

Throat-bleed  inlet  without 
side f a i r u s  

Throat-bleed  inlet with 
side  fairings and first 
ramp perforated 

Perforated-ramp  inlet  with 
side  fairings 

Perforated-raurp  inlet  without 
side  fairings 

0 

0 

. 432 
,432 

.471 

.464 

.464 

Figure 

&tailed  drawings of the  inlet  configurations  are  shorn. i n  figures l(c) , 
(a), and (e) , and pbtographs o f  configurations T and PF are F, p 

rp 

03 
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r presented in figures 2(a) m d  (b), respectively.  The  inlet  side fair- 
i n g s  extended from the  lip  of  the  cowl  sides to the  leading  edge of the 
=P 

I 

a 
Eu 
0 

The  external  fuselage  boundary-layer  system  consisted  of a 40°- 
d included-angle  wedge  inserted  between  the  fuselage  and  the  inlet. A 

fange of fuselage  boundary-layer  diverter  heights h of 1, 2/3, 113, 
and 0 times  the  fuselage  boundary-layer  thickness 6 was available 
for  testing. 

The  throat  boundary-layer removal system  consisted of two sharp- 
cornered  flush  slots  (fig. 2(a)). A i r  dram into  these  slots was ejec- 
ted  through  openings  in  either  side of the  inlet  cowl  (see  fig. l(c)). 

The  variation of the  internal-flow  area of the  diffuser  is shown 
in figure 3. The  equivalent  cone  angle of the  over-all  diffuser was 
4.3O. The rate of diffusion  vazied  with  distance and attaiaed a max- 
imum equivalent  cone  angle  of 6O as  shown  by a comparison  of  the two 
curves on figure 3. The  model was connected  to  the  support  sting by 
an internal  strain-gage  balance  used to measure  axial  forces.  Inlet 

independently  of  the  balance. 
- mass flow was varied  by  means of a remotely  controlled  plug  mounted 

Pressure  inetrumentation  consleted  of 24 total-pressure  tubes  and 
six static-pressure  orifices  at  station 85.0, six  static-pressure  ori- 
fices  at  station  99.2,  nine  base-pressure  orifices,  and two chamber- 
pressure  orifices  located in the  model  balance  cavity. 

The  total-pressure  distortion  parameter AP/P, was defined as the 
maximum diffuser-exit total  pressure  minus  the minirmrm total  pressure 
divided  by  the  area-weighted  average  diffuser-exit  total  pressure.  The 
pitot  tubes  closest  to  the  diffuser-exit wall were 6.8 percent of the 
diffuser  diameter  from  the wall surface. 

Main-duct mass-flow ratio was determined from the  average  static 
pressure  at  model  station 99.2 and  the known area ratio  between  that 
station and the  exit  plug  where  the flow was assumed to be  choked.  The 
one-dimensional  diffuser-exit  total-pressure  recovery  at  model  station 
85.0 was calculated  by an area integration of the measured pressures. 
The  forces  resulting from the  change in total momentum f r o m  free stream 
to  the  diffuser  exit and all  base  forces  have  been  excluded from the 
model  force  data. 

r Subcritical f low instability was determined by observing terminal- 

.r stable  points,  the  amplitude of the  static-pressure  fluctuations  at  the 

shock  oscillations  in  the  schlieren  viewer.  Operation of the  diffuser 
in  the  buzz  region was avoided to prevent  model dmgej however,  for all 

diffuser  exit was less  than 2 percent of free-stream  total  pressure. 
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The  model wa8 tested at zero  angles of attack  and yaw and at Mach 
numbers of 1.5, 1.8, and 2.0. At  each  external  diverter  height  ratio 
and  Mach  number,  main-duct mass-flow ratlo was =led  for  several 
internal-bleed  areaa.  Reynolds  number  varied from 4x106 to 5x106 per 
foot. 

The Mach  numbers  in  front  of  the  inlets  were  experimentally  deter- 
mined  to  be  equal  to  free-stream  Mach Illllllt)eTE. 

RESULTS AND DIECUSSION 

Inlet  Performance 

Inlet  performance  characteristics,  consisting of diffuser-exit 
total-pressure  distortion AP/P2, total-pressure  recovery P2/Po, and 
external  drag  coefficient CD, are presented in figure 4. These  data 
are  plotted as a function  of  main-duct I U E S S - ~ ~ O W  ratio m2/mo for  
several.  combinations of external  and  internal  boundary-layer removal. 
Lines of constant  weight  flow  per  unit  diff’wer-exit flow area (refer- 
enced to standard  sea-level  conditions) wz are  superimposed on the 
figures  for  convenience  in  engine-inlet  matching  analyses.  The s o l i d  
8ymbOlS  represent  the  coadftions of mintmum stable mass-flow ratio 
before  the  onset of buzz. An X has  been  placed on each  pressure- 
recovery - mass-flow  curve to indicate  the  point  of maximum thrust- 
minus-incremental-drag  ratio as determined from a variable-size  inlet 
matched  to a hypothetical  turbojet  engine  at all points on the  curve. 
A more  detailed  explanation and analysis of these  points will be  dis- 
cussed  later. 

Solid-ramp  inlet. - Figure 4(a)  shows  the  effect of side  fairings 
on the  performance of the  solid-ramp  inlet  with an external  diverter 
height  ratio h/6 of 1. The only significant  change  with  the  addition 
of-side  fairfngs was a 5”percent Ucreaee in.critica.Lmass  flow  with a 
concomitant  79-percent  reduction  in  stable maaa-fl& range  at a Mach 
number of 2 .O. 

Crit-fcal,  subcritical,  and  minirmrm~atable  shock  patterns for the 
inlet  without  side  fairings  at a.Mach number of 2.0 are  shown  in the 
schlieren  photographs of figure  4(b).  The  second  oblique shock for  the 
critical  case  fell  inside  the  cowl  lip. The peak  recovery  condition 
reveals  that  the s l ip  line, emanating from the intersection of the ffrst 
oblique  and  the  terminal  shocks, has entered  the  inlet  without  causing 
buzz. This also‘ occurred for the  case wfth side  fairings.  The  minimum 
stable shock pattern  just  -prior to the  onset  of  buzz .is also  shown. 

Y 
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1 Throat-bleed in l e t .  - The performance of the  throat-bleed  inlet  
with side fairings (configuration TF) is presented i n  figures 4(c),  (a) ,  
and (e) for   external  d i v e r t e r  height  ratios of 1, 2/3, Ad 0, respec- 
t ively,  and various  bleed-area  ratlos. e 

00 cu 
0 The variation  in  pressure  recovery  with mass-flaw ratio  of  config- 
dc uration S is superimposed on the  data of  f igures  4(c)  to (k) for  refer- 

ence. With the  throat-bleed exit doors  closed (% /At = 0) at a Mach 
number of 2.0 and an h/6 of I, t h e   i n l e t  stability range, c r i t i c a l  
pressure  recovery, and total-pressure  distortions  indicated a s l i g h t  
improvement over  configuration  (solld-ramp  inlet  with side fa i r fngs) .  
However, a t  all Mach numbers and external  boundary-layer  diverter 
heights, when the  bleed  doors were opened,  peak pressure  recovery in- 
creased and total-pressure  distortions  decreased  with a concomitant 
increase i n  configuration d r a g  coeff ic ient  and decreases  in mass-flow 
r a t i o  and stable mass-flow range. Improvement i n  recovery and dis tor-  
t ion  is  the   r e su l t  of the  abi l i ty   of   the   throat-bleed system t o  remove 
the  separated ramp boundary-layer air caused  by the  terminal-shock - 
boundary-layer  interaction. The increase   in   c r i t . i ca l   d rag   coef f ic ien t  

Reduction i n  stable mass-flow range i s  typical  of inlets incorporating 
throat  bleed; however, the  reason is not  understood. 

,e 

‘1 is due to   the  increase i n  quantity and method of s p i l l i n g  mass flow. 

A t  a Mach  number of 2.0 and an h/S of 1 (fig. 4 (c ) ) ,   t he  maximum 
pressure  recovery  occurred at a bleed-area  ratio % /% of 0.20. It 
was estimated from the   d i f f e rence   i n   c r i t i ca l   d i f fuse r  m a s s - f l o w  r a t i o  
between configurations and TF that, at a bleed-area r a t i o  of 0.20, 
4 percent of t h e   c r i t i c a l   i n l e t  mass flow yas diverted  through  the 
throat-bleed system during  cr i t ical   in le t   operat ion.  It is im-possible 
t o  estlmate the  bleed  flow  during  subcritical  operation,  since  spillage 
OCCUTS around the  cowl l i p  a t  this  condition. A t  external   d iver ter  
height   ra t ios  of 1 and 2/3, bleed-area  ratios  of between 0.10 and 0.20 
produced  near maximum recoveries a t  a l l  Mach numbers. However, at an 
h/6 of 0 (fig.   4(e) 1 the  amount of  bleed  necessary to   ob ta in   the  maxi- 
-. possible  recovery was not  established;  the  largest   bleed mea (35 
percent) gave the  highest  recovery. This higher   ra te   of   twoat   bleed 
was required,  since all the  fuselage boundary layer  approaching  the 
ramp entered  the  inlet.  Total-pressure  recoveries were w e l l  below those 
of  configuration S (h/6 = 1) at  a l l  free-stream Mach numbers. 

,e 

The removal of side fairings from the  throat-bleed inlet at an 
h/6 of 1 resul ted  in  a slight  decrease  in  recovery and mass flow and an 
increase  in   the  s tabi l i ty   range.  These d a t a  are   presented  in  figure 
4(f) fo r  Mach numbers of  1.8 and 2.0. 

Figure 4(g) presents  the performance of  the  throat-bleed inlet with 
side fa i r ings  and first ramp perforated a t  an h/6 of 1 for  various 



bleed-area  ratios.  Reference 3 shows  that  the  stability  range of an 
axisymmetric  two-cone  nose  inlet  could  be  increased  markedly byapply- 
ing  suction  through  the  latter  portion of the  first-cone  surface. The 
buzz was initiated  by  the  separation  incurred  when  the  bow  shock  inter- 
acted  with  the  first-cone  -boundary  layer.  Since  this  case  appeared . rp 
similar  to  the  double  ramp  discussed  herein,  perforations  were  installed 8 
and the  boundary-layer  air,  which was drawn  off  the  first  ramp, was 
dlrected  dounstream  by  means of reverse  scoops  shown in figures l(d) and 
2 ( a )  . (A baffle  separated  the  ramp  bleed  air from the  throat  bleed  air.) 
Except  for  about a 5-percent  increase  in  critical  mass-flow  ratio, all 
inlet  performance  parameters  at  all  Mach  number6  were  virtually  unaf- 
fected  by  the  addition of perforations. 

I 

-a 

. .  . 

Perforated-ramp  inlet. - Perforations  were  installed  along  the 
entire ramp area,  including  the  throat-bleed  area of the  previous  con- 
figurations  (see  figs.  l(e)  and 2(b)). The  performance  of  configuration 
PF (the  perforated-ramp  inlet  with  side  fairings) is presented  in  fig- 
ures 4 (h) , fi) , and (j ) for external  diverter  height  ratios of 1, 2/3, 
and 113. 

Inlet  stability was greatly  improved  at an h/6 of 1 by the  addl- 
tion  of  perforations on the ramp and inlet  throat  when  the  bleed-exit 
doors  were  closed.  This w a s  accomplished,  however,  at  the  expense of 
distortion, mass flow,  and  pressure  recovery. The improved  stability 
probably  occurred  because  the  high  pressure  behind  the  terminal  shock 
forced  air  out of the  perforations  ahead  of  the  shock.  The  air  exhaust 
from  the  ramp  perforations  probably  fixed  the  position of the  boundary- 
layer-flow  separation.  Reverse flow persisted  when  the  bleed  doors  were 
opened.  Configura-Lion PF offered no substantial  Fmprovement in inlet 
stability  range over configuration S at an h/6 of 1. There was, 
however,  about 8 2- to  4-percent  increase  in  total-pressure  recovery  in 
the  Mach  number  range  investigated,  when  the  bleed-area  ratio was set 
at 0.35. The  .diffuser  mass flow snd total-pressure  distortions  Were 
about  the  same  as  for  configuration 5; however,  the  drag  coefficient 
did rise at a Mach  number  of 2.0 from a critical  value of 0.14 to 0.15. 
The  primary  effect  of  reducing  the  h/6 of the  perforated-ramp  inlet 
was the  reduction  in  critical mass f l o w  at Hach.  niimbers  of 1.8 and 2 .a, 
as indicated  in  figures 4(h), (i),  and ( 3 ) .  At a Mach number  of 1.5 
and an h/6  of 2/3, the  stable  mass-flow  range was increased from 20 

The  performance  characteristics  of  configuration P (perforated- 
ramp inlet  without  side  fairings)  are  presented  in  figure 4(k). Com- I 

parison of the  data  with  configuration S indicates  that  slight  improve- 
ment  in  peak  recovery and stable  mass-flow  range  can  be  realized at all 
Mach  numbers.  However,  with  ramg  bleed of about 5 percent,  the  critical 
mass-flow  ratio was reduced f r o m  0.88 to 0.83 at a Mach number of 2.0. 

- 
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- 
Schlieren  photographs of configuration P fo r  inlet conditions of approx- 
fmately c r i t i c a l  and subcr i t ica l  mass f l o w  are shown i n  figure 4(2 )  at 

can be seen  for  the  condition  of  approximately  critical mass flow. 
Boundary-layer-flow  separation  occurred  subcritically, and 823 enlarged 

h a Mach  number of 2.0. Oblique shocks,  emanating from the perforations, 

cu view of the ramp surface  for   the  subcri t ical   condi t ion  reveds air 
-$ issuing outward from the ramp perforations. This may be the  result of 

43 
0 

high bleed-chamber pressure  originating at  the  throat  perforations,  
which are subjected  to  high static pressure  behind  the  terminal shock. 
A method of  maintaining  positive  suction  to  the  perforations  probably 
would have  extended the   s tab le  mass-flow range. 

N 

D A 

. 

FTopulsive Thrust 

The ef fec t  of in te rna l   th roa t  bleed and external diverter  height on 
the net-thrust-minus-incremental-drsg r a t i o  (F - AD')/"b of  the  throat-  
bleed inlet configuration is presented  in figure 5(a). This thrust 
parameter  represents  the  vaziance  in optimum thruet-minus-drag from t h a t  
of the  basic no-bleed configuration  (configuration S, fig. 4(a)). The 
thrust r a t i o s  were e i the r  optinnm thrust r a t i o   o r  maximum thrust ratio, 
i f  sufficient  bleed was not  obtained  to  determine  the optimum. The 
thrusts were calculated  for a typical turbojet  engine .assumed to  be 
operating a t  an a l t i t ude   o f  35,000 feet with maximum afterburner, and 
a t  each Mach  number the inlet and engFne w e r e  matched over  the mass-flow 
range  for each configuration and each test condition. External drag 
coeff ic ients  were assumed t o  remah constant  while drag was varied i n  
proportion  to  the changes i n  inlet size that would be required t o  accm- 
modate the  engine  weight flow. The  optimum ideal net-thrust-minus-drag 
r a t i o s  (F - Dt)/Fn,i for   the  solid-ramp M e t  without side fairings 
w e r e  0.52, 0.53, and 0.54 at  Mach numbers of  1.5, 1.8, and 2.0, 
respectively. 

The net thrust of the  configurations  with internal throat bleed at 
each Mach  number tested reached  values greater than  the basic configu- 
r a t ion  at  diver ter   height   ra t ios  of 2/3 and 1 (f ig .  5 (a) ) . A t  an h/6 
of  zero, the (3' - AD' )/Fb remained w e l l  below 1 throughout  the  range 
of  bleed-door  settings. 

Thus, it can be concluded tha t ,  from a net-thrust  viewpoint, an 
h/6 of  about 1 is the most desirable. (Ref .  4 states that optfrmrm 
thrust can be maintained at an h/6 less than 1.) It is interest ing 
to   note  that at  a Mach  number of 2.0 and an h/6 of 1 (f ig .  5(a)), a 
gain i n  thrust of 6 percent was obtained  by  adding side fa i r ings  and 
throat   s lots   to   configurat ion S,  even when the bleed doors w e r e  closed. 
O f  this  increase,  4 percent  caa be credi ted  to   the side fairings  alone.  
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The  'greatest gain in (F - ATl')/Fb occurred  at a Mach  number of 2.0 
where  configuration T reach 8 value of 8 percent-above  that  obtained 
f o r  configuration 3. F,P 

Figure 5(b) shows  the  net-thrust-minus-incremental-drag  ratios for 
the  perforated-ramp  inlets  at  the  three  Mach  number6  investigated  for 
various bleed-area  ratios and external  diverter  height  ratioa. Gains 
in  the  net-thrust  parameter up to 4 percent  were  realized  at  Mach num- 
bers of 1.5 and 1.8> while at a Mach  number  of 2.0 the  net-thrust  ratio 
was about 10 percent  lower  than  the  basic  configuratlon st a bleed-area 
ratFo  of zero and increased  to a maximum yalue - 1  .O a$. maximum b l e d -  
door  opening.  The  net-thrust  ratio of the  herforated-rtkp  inlet  with- 
side  fairings was, in general,  several  percent  higher than that  of  the 
perforated-ramp i n l e t  without  fairings. -Configwatton PF was approx- 
imately  independent of h/6 (fig. 5 (E) ) down to as. h/6 value  af 1/3. 
At no condition  did  the  net-thrust  ratio of configuratlon PF wlth  the 
bleed-exit  doors  closed  equal  the  net-thrust  ratio  with  bleed. 

- -  - 

. - .  . 

A bar graph is  presented in figure 6 af.-?;he maxlmm? net-thrust- 
minus-incremental-drag  ratio and the  corresponding  inlet  performance 
of all the  inlet  configurations  tested.  -..highest .value of 
(F - bD1)./Fb was selec.ted from: those inlets  which w e r e  tested  at  three 
different  external  diverter  heightratioa-. -The stable mass-flow range 
A(mz/mg) was taken as the  difference in mass-flaw  rstio  between c r i t i c a l  
mas8 f low and  minimum  stable mass f l o w .  Configuration drag ratio 

is  the  ratio of the  configuration  drag  (adjusted . .  L for  changes 
in maximum frontal-area to accoprmodate  the engine weight flow) to the 
ideal  net-  thrust of-the typical get engine at  the-appropriate free- 
stream  Mach  number. 

D%,I 

The  throat-bleed  inlets  with  side fairings produced  gains in net- 
thrust  ratio from 2 to 8 percent  over  the  basic  solid-ramp M e t  at all 
three  Mach  numbers  investigated.  .The  largest gafn was obtained  with 
configuration TF,p a t  a Mach  nmnber of 2.0, where  the  ne€-thrust  ratio 
was 1.08. This improvement -6 a direct  result of increases  in mase 
flow and pressure  recovery  with a concomitant-drop in adjusted  config- 
uration drag. Configuration TF,p had no stable mass-flow range.a.pd  the 
inlet side fairings  prevented the-use of  the  schlieren syatem to am=- 
tain  the  poi& of. boundary-layer  separation.  Total-jjreBsUTe  distortions 
for all throat-bleed  inlets were about 10 percent  at all Mach  numbers. 

.- . "- 

The  perforated-ramp inlets were the o d y  configuratione  tested 
that  showed  improvemente in both  thrust and 6table'~mSE-floW  range. 
This occurred  at a Mach number of 1.5 and possibly  at a Mach  number df 
1.8. At a Mach  number of 2.0, the  thrust  ratio was equal to or less 
than  configuration 3 because -0-Z .the  -reduction in mass flow.  Diffuser 
total-pressure  distortions  were  improved a t  all  Mach numbers .- "" - - . . - 

. "" 

c 

4 

4 

c 

" - 
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c The performance of the  configuration  having  the  highest  net-thrust- 
minus-incremental-drag of reference 4 was selected  for  comparison and 

cowl angle, and a single f lush   s lo t   in   the   th roa t .   Throa t  and fuselage 
boundary-layer  control was varied  in   the same manner as for  the  config- 

c is included i n  figure 6. This inlet  had a 14O  ramp angle, a 19O external 

CD 
N 
* 0 urat ions  in   this   report .  

Thrust   ratios of 15 percent at Mach numbers of 1.5 and 1.8 and 9 
percent at a Mach  number of  2.0 gre&er than  configuration S are indi- 
cated. These  peak values were obtained at external diverter  height 
r a t i o s  of 1/3, 2/3, and 1 at  Mach numbers of 1.5, 1.8, and 2.0, respec- 
t ive ly .  The lower D1/Fn,i of  the 14O ramp inlet   accounts  for  the  high 
(F-AD1)/Fb  values a t  Mach numbers of 1.5 and 2.0. Although dis tor t ions 
were in   the  order  of 10 percent,  the stable mass-flow range was under 
0.18 at a l l  Mach numbers. 

SUMMMtY OF RESULTS 

The performance  of a double-ramp side inlet   wi th   var ia t ions in 
in te rna l  and external boundary-layer removal was evaluated i n  the Lewis 
8- by 6-foot  supersonic wind tunnel st Mach numbers of 1.5, 1.8, and 
2.0. The following  results were obtained: 

1. The ins ta l la t ion   o f  inlet side fa i r ings  produced a 4-percent 
increase i n  net  propulsive thrust when the inlet was matched t o  a hypo- 
the t ica l   tu rboje t  'engine at  a Mach  number of 2 .O. The stable mass-flow 
range, however, was considerably  reduced.  Side  fairings were h e f f e c t i v e  
a t  Mach numbers of 1.5 and 1.8. 

2. The application of  throat  bleed, ramp perforatfons, and s ide  
f a i r ings   t o   t he  double-ramp i n l e t  produced gains i n  thrust-minus- 
incremental-drag of between 2 and 8 percent at Mach numbers from 1.5 t o  
2.0. A t  a Mach  number of 2.0, however, the  stable inlet mass-flow range 
was reduced t o  zero. 

3. The instal la t ion  of   perforat ions on the  ramp and throat  surface 
caused reverse  f low  in  the bleed chamber under the ramp during  subcrit i-  
cal   operation. Gains of 4.percen-t i n  thrust-minus-incremental-drag w e r e  
obtained at Mach numbers of  1.5 and 1.8 with some improvement i n  stable 
mass-flow rmge.  Perforations were ineffective"at a Mach  number of 2.0. 

4. Diffuser  total-pressure  distortions were reduced from about 20 
t o  10 percent o f  the  average  diffuser  total   pressure by the  use  of a l l  
types of ramp boundary-layer  control tested. 
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5. Maximum inlet  performance  occurred  with an external boundary- 
layer diverter  height  to  fuselage  boundary-layer  thickness  ratio  of 
between 2/3 and 1. 

Lewis Flight  Propulsion hboratory 
National Advfsory Committee  for  Aeronautics 

Cleveland,  Ohio, July 25, 1956 
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(a) Conflguratlon Tp (throat-bleed  Inlet w i t h  slde  falrlngs and first  ramp Perforated). 
,p 

Perforated area, 0.75 square inch; slotted throat area, 0.43 square  Inches. 
Figure 2. - Inlet configurations. 

I 

1 
Gl 



I 

I 
8ZOP 

I 

I 

. . . . . . . . . . .. . .. . . . . . . 



. .  

I e 

" 

I f 

. .. . .  



.x) 

0 

1 
0 

I 
E; z 
B 

c 
Ql 

a 

..o 

.9 

.a. 

. I  

I 

I 
I ' ,  t 

B I 
, .  : 82DP 

. . . . . . . . . .  . . . . . . . . . . . .  I i l '  : I /  . . . . . . . . . . .  . . . . .  



NACA RM E56G098 19 

. 
Crit ical ;  mass-flow ratio, 0.88; total -   Subcri t ical  (peak recwery) ; mass-f Low 
pressure recovery, 0.84. ra t io ,  0.82; total-pressure  recovery, 

0.87 . - . - - -. 

Subcri t ical  (minirmrm atable); mass-flow ~-42600 
ratio, 0.64; total-pressure recovery, 
0.84 

[b) Schlieren  photographs of configuration S (solid-ramp i n l e t  without side fairings) 
a t  Mach number of 2.0. Xxternal divertar  height  ratio,  1. 

Figure 4. - Continued. Performance characterist ics of inlet   configurations.  
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flow per unlt are 

Bleed-ares <2; 
0 0 .15 .25 .36 

( e )  Cunfigurntlon Tp (throabbleed inlet with 81de raalrlnge).  External dlvertar h e l g t  ratio, 0 .  

Figure 4 .  - Cmtinued. Performance characteriutias of  i n l e t   w n i f ~ e t i o n s .  
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-26 

-22 

-18 

- .3 .a .5 .6 .7 14"- ~- ~ ~ 

" 

.a .9 
Wane-flow ra t io .  m d q ,  

(f) Canfiguration T (throat-bleed Inlet without side fairings). Bxternal.divcrter height ratio. 1.  

Figure 4. - Continued. Performance characteristion  of  inlet  configurations. 
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. .  

Y 

? k S 8 - f l O W  ratto, mz/mo 

(i) CanPiguration P ( p e r f d d - r a m p  I n l e t  with side fairings) .., External dlverter 
heighl.atlo, 2/2 

Figure 4. - Continued. Performance characteristics of inlet. configurations. 
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Q) cu 
* 0 

.S .6 .7 .-.e .7 .8 .B 

~ass-flow ratio,  mz/mo 

( J )  Configuration P (perforated-ramp inlet  w i t h  side fairings). =erne1 averter 
h e t a t  ratio, l /E  
Figure 4 .  - Continued. Performance characteristica of inlet configurations. 
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O .la 
.S6 
.pB 

. " 

~asss-flow ra t io ,  m2/mo 

(k) Configuration P (perforated-ramp i n l e t  w i t b u t  side fairings). F.xtemal diverter 
height  ratio, 1. 

Figure 4 .  - Contlmzed. Performanc& characttmietice of inlet configurations. 
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External  diverter 
height ratio, 

1 .I " -213 "- 

1 .o 

.9 

.. . . 

Mash ... - 

1.1 

1 .o 

.9 

.8 

0 ~axlmum- (P -  AD^ )/pb for 

Maximum (F - AD' )/Fb for 

- 
" - 

configuration I p , p  

configuration T 0 Conftguratton sP - Maximum (P - -- Bleed-mea ratio,  

- 

Figure 5. - E f f e o t  of bleea and diverter height on net-thrust-minue-incremental-~ag ratio. 
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Configuration SF 
aonfiguration P 

i- (P - AD*)/F 
1.1 " 

"" 

1.0 

ach 

a 
I 

v 
PI 

1.1 

1 .o 

.9 

.8 

1.0 

.9  

I I I I I 

Mach 

0 .1 .2 -3 .4 0 .2 -4  -6 - 8  1.0 
Bleed-area  ratio, % , d A t  External diverter height ratio, h/6 

(b) Perforated-ramp  inlet. 

Figure 5 .  - Concluded.  Effect of Bleed. and diverter height on net-thrust-minus-incremental- 
drag ratio. 
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"" I 
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0.15 

.2 

.1 

.35 

.35 

1.0 1.0 

.9 .9 

.8 .B 

.? .7  

SF T Pp Ref. 4 SF T Pp Ref. 4 sp T pF Rer. 4 
s TP %,P P TF TF,€' 

Configuration 

t 

Figure 6. - M a x i m  net-thrust-minus-incremental-drag ratloa end aorrespondfng i n l e t  
performance. 
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m i g u r a t i o n  

S 

=F 

Tp 
T 

'F,P 

PF 
P 

Rei. 4 

T Free-stream Mach  number 

External cllverbr Bleed-area External  diverter  Bleed-area 
1.5 1.8 

height  ratio, 
h/B g y ;  h/6 G;$; height  ratio. 

1 
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" 1 
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1 '  0.2 2/3 0.1 "_ -" 1 0 

I -25  1 .2 

2/3 .25 1 .3 

1 .15 1 .25 
1/3 -18 1/3 -18 

.40 

.x) 

0 

Free-s tream Mach 
number, 1 .5  

- 4  t 

3 " 1 Free-stream Mach 
number, 1.8 

v 

*4[ Free-stream 
number, 2.0 

m 
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n 

kerns1 diverter 
height  ratio, 

h/6 

2.0 

I 

I 

1 

0.15 

.1 1 

.2 

"" 

.36r 

-34 

-30 

.26 

4 SF T Pp R e f .  4 SF T PF Ref. 4 

Configuration 

Figure 6 .  - Concluded. Mahimum net-t~rust-minus-Incremental-drag ratios  and OOP- 
responding inlet performance. - 

NACA - Langley Field, VL ' 
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